This study compared the prevalence of asthma with climate and air pollutant data to determine the relationship between asthma prevalence and these factors. We conducted a nationwide survey of respiratory illness and symptoms in middle-school students in Taiwan. Lifetime prevalences of physician-diagnosed asthma and of typical symptoms of asthma were compared to air monitoring station data for temperature, relative humidity, sulfur dioxide, nitrogen oxides, ozone, carbon monoxide, and particulate matter with aerodynamic diameter . 10 jam (PM1O). A total of 331,686 nonsmoking children attended schools located within 2 km of 55 stations. Asthma prevalence rates adjusted for age, history of atopic eczema, and parental education were associated with nonsummer (June-August) temperature, winter January-March) humidity, and trafficrelated air pollution, especially carbon monoxide and nitrogen oxides, for both girls and boys.
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In humans, air pollutants are associated with mortality and morbidity secondary to respiratory diseases. In population studies, effects of air pollution have been associated with asthma morbidity and exacerbation ofsymptoms. Increased hospitalizations (1, 2) , emergency room and dinic visits (3, 4) , and medication use (5) due to asthma attacks, as well as decreased peak flow measurements (6) in asthmatics, have been associated with air pollution. However, the relationship between the prevalence of asthma and air pollution has yet to be proven. In Taipei, Taiwan, the increase in the prevalence of childhood asthma (from 1.3% in 1974 to 5.1% in 1985) among children 7-15 years of age has been attributed to deterioration in air quality (7) . On the other hand, numerous studies in the United States and in Europe have shown no association between air pollution and reports of asthma (8, 9) . In clinical exposures of asthmatics, short exposure to air pollution produces increased airway reactivity. Thresholds in sulfur dioxide-induced bronchoconstriction were lower in asthmatics (10) , and ozone-induced lung function change and respiratory tract injury and inflammation were more prominent in asthmatics (11) .
Many factors contributed to the prevalence and/or attacks of asthma, including personal factors (smoking habits, genetics, age, sex, nutritional status, physiologic status, coexisting lung disease, lifestyle, allergy status, family history, and occupation) and environmental stimuli (outdoor and indoor pollution, aeroallergens, climate) (12) . The relative importance of outdoor air pollution exposure to the incidence and prevalence of asthma as compared to other intrinsic and environmental factors is not understood.
In this investigation, we compared asthma prevalence data from a nationwide survey of middle-school students with air pollutant and climatic data from 55 monitoring stations of the Taiwan Environmental Protection Administration (EPA; Taipei, Taiwan) to assess the effects of air pollutants on asthma.
Subjects and Methods
Respiratory health questionnaire (14) administered to students in schools. Classroom incentives but not individual incentives were used to encourage participation. The overall response rate was 89%, with a range of 87-93% for the individual schools.
Definition of diseases and symptoms. Two indicators of asthma were considered. Physician-diagnosed asthma was defined by parental reports of the child ever being diagnosed by a physician as having asthma. The video questionnaire determined asthmatic symptoms including dyspnea, wheezing, exercise-induced wheezing, wheezing, or dry cough at night unassociated with a cold. Questionnaire-determined asthma was defined by the report of dyspnea and nocturnal dyspnea associated with wheezing (from the video questionnaire), the report of attacks of dyspnea with wheezing (from the parental questionnaire), or physician-diagnosed asthma (reported by a parent). Atopic eczema was defined as the presence of itching skin eruption at cubital, posterior popliteal, neck, periauride, and eyebrow areas for 6 to analyze the prevalence of asthma in each gender. In the analysis of both physician-diagnosed and questionnaire-determined asthma rates, logistic regression was used to estimate the adjusted illness frequency in each of the 55 catchment areas, controlling for age, history of atopic eczema, and parental education. The sex-specific prevalence rate of asthma among students was calculated for each catchment area. Selfreported active smokers were excluded. In the second step, these site-specific adjusted asthma prevalence rates were regressed against the area-specific temperature, relative humidity, and air pollution factors using weights proportional to the inverse variance (1/standard error2) of the adjusted prevalence rates. The adjusted prevalence rates were plotted against the scores of air pollutant principal components after adjusting for the temperature and humidity variables.
Results
In September 1995 there were (Table 3 ). Three factors were found for relative humidity: spring dryness, winter humidity, and the second-half year humidity (Table 4) . Two factors were identified for the site-specific air pollutants ( Table 5 ). The first site-specific factor was positively associated with CO and NOX and negatively associated with 03, suggesting motor vehicle emissions; the second was (Table 6 ) and questionnaire-determined (Table 7) asthma was regressed against the two temperature factors, three relative humidity factors, and two air pollutant factors. Physician-diagnosed asthma was more prevalent in communities with higher temperature in nonsummer months and higher traffic-related air pollution for both girls and boys (Table 6 ). Questionnairedetermined asthma was more prevalent in communities with higher temperature in nonsummer months, higher humidity in winter months, and higher traffic-related air pollution for both girls and boys (Table 7) .
Adjusted site-specific asthma prevalence was plotted against the traffic-related air pollution factor scores ( Figures 3 and 4) . No outlier effects were apparent, and the regression line appeared linear.
The effect of each pollutant on the prevalence rate of physician-reported and questionnaire-determined asthma was assessed separately and expressed as the difference in prevalence rate across interquartile range for each air pollutant (Table 8) . Positive statistically significant associations were found for CO and NOX; negative or very weak associations were found for 03, SO2, and PM O. Although boys had higher lifetime prevalence of asthma than girls in all levels of air pollution, there were no statistically significant differences in effect estimates for boys versus girls, indicating similar effects of air pollutants on asthma prevalence in both sexes.
Discussion
This study is based on a nationwide survey of asthma linked to a local air pollution measurement. The prevalence of physician-diagnosed and questionnaire-determined asthma of middle-school students from 55 locations was associated with temperature, humidity, and trafflc-related air pollutants, especially CO and NO.
The climatic factors, especially the nonsummer temperature and winter humidity, are associated with the lifetime cumulative incidence of asthma. This is compatible with findings in New Zealand, where an increase of 1°C in annual average temperature is associated with a 1% increase of long-term asthma prevalence, but not an acute exacerbation of asthma (17) . Exposure to house dust mite allergen is the most important factor in asthma in Taiwan (18) . Increased temperature (up to 30°C) and increased relative humidity favor the development of mites (19) . This is especially true during the colder seasons. Although in areas with lower humidity indoor dampness is probably more important than outdoor humidity in the domestic development of mites (20) , the high outdoor humidity in Taiwan (monthly average 68-80%; Figure 2C ) could have been an important determinant of the indoor humidity. The results of this survey suggest that exposure to dust mites or other humidity sensitive allergens was elevated in the children from warm and humid areas in Taiwan.
Because of the close correlation among the air pollutants, it is impossible to separate the effects of individual pollutants. Therefore, we used factor analysis to group the patterns of pollutants into two dasses of pollutants: traffic-related and stationary fossil fuel-related (Table 4) . We found a strong correlation between traffic-related pollutants and lifetime prevalence of asthma in both boys and girls (Figures 3 and 4) . When the effect of each pollutant on the asthma prevalence rates was examined (Table 8) , significant association was found for CO and NOX.
No consistent relationship was seen among asthma prevalence and 03, SO2, and PM10.
Whether air pollution caused increased prevalence of asthma has been a subject of long debate. High levels of sulfur dioxide and black smoke in East Germany were associated with lower prevalence of asthma as compared to West Germany (21) . However, these data could not exclude a role for motor vehicle pollutants in increasing the occurrence of asthma. Children living near roads are more likely to have recurrent wheezing and dyspnea as well as reduced peak expiratory flow rate (22) . Japanese women living near roadways are more likely to have chronic wheezing adjusted by age, smoking status, years of residence, occupation, and type of home heating (23) . In Austria, lifetime prevalence of asthma was associated with long-term High traffic density is inversely correlated with concentrations of 03 (22) , which is formed at some distance from emission sources and scavenged in city centers by nitrogen monoxide from vehicle exhaust. In our factor analysis, 03 had a negative association with traffic-related pollutants (Table  5) . From the individual pollutant regression analysis, 03 had either negative or no association with lifetime prevalence of asthma (Table 8) . This is compatible with the hypothesis that the direct emissions of motor vehicles, which scavenge 0 and therefore are negatively correlated with 03, are more important determinants of asthma prevalence than the secondary pollutants, such as 03, that are formed downwind.
Other studies have suggested increased asthma prevalence associated with traffic emissions. Wjst and colleagues (26) found that school-specific prevalences of recurrent wheezing and dyspnea were positively associated with traffic volume in the school district. Edwards et al. (27) reported that hospital admission of children younger than 5 years of age for asthma increased with traffic volume and decreased with distance from the nearest main road. Brunekreef et al. (28) found that lung function of children attending schools within 300 m of a major road decreased in association with truck-traffic volume, but not with automobile traffic.
CO and NOX are important constituents of motor-vehicle emissions. Other major components of motor-vehicle exhausts not measured in this study include fine and ultrafine particles (including various heavy metals) and a wide range of organic compounds. The PMIO measurements were only wealdy correlated across sites with traffic-related pollution, and likely reflect emission from sources other than motor vehicles. Fine particle concentrations were not associated with asthma prevalence in children in the 24 cities study, but this study specifically excluded communities with substantial traffic-related pollution (9) . There also are few epidemiologic data on asthma associations with organic compounds. However, Ware et al. (29) reported that school-specific asthma prevalence in Kanawha Table 6 . Relationship between adjusted parent-reported physician-diagnosed asthma prevalence 1%) and environmental factors in middle-school students. Results were obtained by multiple regression using prevalence of physician-diagnosed asthma as the dependent variable and factor scores of temperature, relative humidity, and air pollutants as the independent variables. *p < 0.05. **p < 0.01. #p < 0.001. Questionnaires have been used to assess the prevalence of asthma in previous studies (31, 32) . Asthma is usually defined as current asthma (i.e., wheezing within the past 12 months). We used lifetime prevalence of asthma as one of our outcome variables to examine the effects of air pollution to the development of asthma. Underestimation of the true asthma prevalence is likely if parent reports of physician-diagnosed asthma are used. We compensated for this underestimation by adding self-and parent-reported wheezing, dyspnea, and nocturnal dyspnea, which we called questionnaire-determined asthma. In the 55 geographic areas studied, questionnaire-determined asthma had a strong correlation with physician-diagnosed asthma, with P2 0.79 for boys and 0.81 for girls.
There are advantages in the exposure information in this study. In Taiwan, most of the elementary and middle school students live close to their schools. Monitoring stations located near the schools are also likely to be near the students' homes, thus providing good surrogates for both school and home exposure. Heating and air conditioning are rare in Taiwanese classrooms. Air conditioning has become more popular for residential homes in recent years; heating is uncommon. Coal stoves were used in < 2% of homes in 1994, probably more in rural than in urban areas (33) . Not adjusting for coal stove exposure could have reduced the magnitude of association. The exposure information obtained from air pollution monitoring stations was limited to the criteria air pollutants in 1994. Air pollution measurements prior to 1994 were not available. Moving from one catchment area to another could have led to misclassification of exposure. However, the errors in exposure assessment are likely to be random, which would reduce the magnitude of association but would not introduce a positive bias in the associations.
The lack of personal exposure data prohibited analysis comparing individual exposure and outcomes. Therefore, the adjusted prevalence rate of asthma for each catchment area was used to determine the effects of air pollutants on the respiratory system. Because asthma was potentially associated with age, atopy, and socioeconomic status, these factors were controlled by the first-stage regression. Maternal smoking during pregnancy was associated with increased cord blood immunoglobulin E (34) and therefore might be a predictive factor of asthma. However, < 5% of Taiwanese women smoked (35) , and obtaining maternal smoking history was considered somewhat sensitive. Therefore, maternal smoking history during pregnancy was not included in the questionnaire. There is no reason to believe that traffic-related pollutants were associated with maternal smoking. Smoking prevalence in women is lower in urban than in rural areas; therefore, if there is an adverse effect of maternal smoking during pregnancy on childhood asthma, it should have reduced the association between traffic-related pollutants and the prevalence of asthma. Secondary smoking can be a risk factor for asthma (36) . Having an asthmatic child at home is a strong motivation for reduction or cessation of smoking. Because the causal relationship between secondary smoking and asthma in children could not be determined for this cross-sectional design, we did not include passive smoking in our adjusting factors.
The studied population was a sample of the total population of middle-school children in Taiwan. Because information on air pollution is a prerequisite of this investigation, only the children in areas around air monitoring stations were chosen. The previous selection of sites by the EPA for establishing monitoring stations was nonrandom and probably favored places with expected high air pollution concentrations. As compared to the total number of middle-school students in Taiwan, selected subjects were similar in sex (male 50.4%) and age (average 13.8 years). However, the parents of these students had more education, smoked less, and complained more about air pollution problems.
In conclusion, parental reports of physician-diagnosed asthma and questionnairedetermined asthma are both associated with natural environmental factors such as temperature and humidity, probably mediated by exposure to common allergens such as dust mites. Asthma prevalence rates were highly correlated with traffic-related air pollutants (CO and NOX) but not other pollutants (PM10, 03, and SO2). Whether this is related to urban lifestyle, to exposure to CO and NOX, or to other traffic-related pollutants warrants further investigation.
